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FUEL FILL SYSTEM 
BACKGROUND 

This invention relates to fuel fill systems in motor vehicles. Fuel fill systems are found 
in motor vehicles such as automobiles, trucks, boats, airplanes, and the like, and serve to 
5 transfer fuel provided by a source external to the vehicle (e.g., a gas pump) to a fuel storage 
tank located in the vehicle. In general, fuel fill systems include a funnel assembly, called a fuel 
filler neck, connected to the fuel storage tank by one or more lengths of tube. The fuel filer 
neck receives fuel delivered from the external fuel source, and the one or more lengths of tube 
deliver the fuel to the fuel storage tank. A removable cap (e.g., a gas cap) is secured to the fuel 
10 filler neck to seal the fuel fill system after the fueling process. 

In a typical fuel fill system, each of the one or more tubes are joined to the fuel filler 
neck by a press-fit joint, which is formed by sliding the tube over a hollow cylindrical 
projection on the fuel filler neck. The tube is secured in-place by a barb formed on the 
projection. A mechanical fastener (e.g., a hose clamp) may also be used to seal the hose to the 
1 5 projection. 

Recent environmental regulations imposed on the automotive industry and on the fuel 
delivery industries severely limit the amount of fuel vapor that can permeate from the fuel fill 
system of motor vehicles. To help meet and exceed these regulations, various improvements in 
technology have been developed. For example, various types of vapor permeation resistant 

20 tubing have been proposed to limit the amount of fuel vapor that can permeate from the system 
through the tubing. Examples of such tubing are provided in U.S. Patent No. 6,591 ,871, 
entitled "Low Permeation Polybutylene Terephthalate and Polybutylene Naphthalate Fuel and 
Vapor Tubes"; and in U.S. Patent No. 6,293,3 12, entitled "Thermoplastic Tubing". 

In addition to advancements in the materials used in fuel fill systems, advancements 

25 have been made in the design of fuel fill systems. One example of an advancement in the 

design of fuel fill systems is found in so-called On-Board Refueling Vapor Recovery (ORVR) 
equipped fuel fill systems. ORVR equipped fuel fill systems include a vapor recirculation 
tube, which provides a separate fluid path between the fuel storage tank and the fuel filler neck. 
The recirculation tube provides a path for receiving the air/fuel vapor displaced from the fuel 

30 storage tank during fueling, and reintroduces the displaced air/fuel vapor to the fuel filler neck. 



1 



Docket No.: 02-13 



While innovations such as vapor permeation resistant tubing and ORVR equipped 
systems significantly reduce the amount of fuel vapor that is allowed to escape from a fuel fill 
system, further reductions are desired. 

5 

BRIEF SUMMARY OF THE INVENTION 

The above-described and other drawbacks and deficiencies of the prior art are 
overcome or alleviated by a fuel fill system including an outer funnel and one or more 

10 components, each of which is formed from a thermoplastic material. Each component is in 
fluid communication with the outer funnel via a welded joint. The one or more components 
include at least one of a flange, a tube, and a vapor recirculation fitting. The weld may be 
formed by at least one of: spin welding, hot plate welding, laser welding, vibration welding, 
and ultrasonic welding. The plastic outer funnel may be formed from an electrically 

15 conductive thermoplastic material. 

In one embodiment, an inner funnel is disposed within the outer funnel. The inner 
funnel is secured within the outer funnel by the flange, where the flange is welded to the outer 
funnel. A means for preventing axial rotation of the inner funnel within the outer funnel 
during the welding process may be provided. The outer funnel may include an alignment 

20 feature disposed thereon, which cooperates with alignment features on the components to 
ensure proper alignment of the components relative to the outer funnel. 

To form the weld, either the outer funnel or the component may include a cylindrical 
protrusion extending therefrom, with the weld being formed on either the inner circumference 
or the outer circumference of the cylindrical protrusion. Alternatively, either the outer funnel 

25 or the component may include an annular recess disposed therein. The weld is formed on 
opposing surfaces forming the annular recess. 

The details of one or more embodiments of the invention are set forth in the 
accompanying drawings and the description below. Other features, objects and advantages of 
the invention will be apparent from the description and drawings, and from the claims. 

30 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be more fully understood from the following detailed description 
taken in conjunction with the accompanying drawings wherein like elements are numbered 
5 alike, and in which: 

FIG. 1 is a side elevation view of a portion of a fuel fill system in a motor vehicle; 

FIG. 2 is a front elevation view of a portion of the fuel fill system; 

FIG. 3 is a cross-sectional view of a fuel filler neck of the fuel fill system; 

FIG. 4 is a cross-sectional view of a vapor recirculation valve of the fuel fill system; 
10 FIG. 5 is a cross-sectional view of a portion of the fuel filler neck showing insertion of 

the recirculation valve; 

FIG. 6 is a partial cross-sectional view of a welded joint between an outer funnel and a 

tube; 

FIG. 7 is a partial cross-sectional view of an end of the tube separated from the outer 
1 5 funnel before welding; 

FIG. 8 is a partial cross-sectional view of an end of the tube forced onto the outer 
funnel before welding; 

FIG. 9 is a cross-sectional view of the end of the tube separated from the outer funnel 
showing various dimensions of the tube and the outer funnel; 
20 FIG. 10 is a partial cross-sectional view of an end of the tube forced onto the outer 

funnel in accordance with another embodiment of the invention; 

FIG. 1 1 is a partial cross-sectional view of an end of the tube forced onto the outer 
funnel in accordance with yet another embodiment of the invention; 

FIG. 12 is a flow chart depicting a method of forming a permeation resistant welded 

25 joint; 

FIG. 13 is a flow chart depicting an alternative method of forming the permeation 
resistant welded joint; 

FIG. 14 is a cross-sectional view of a first alternative arrangement of the tube and fuel 
filler neck before welding; 
30 FIG. 15 is a cross-sectional view of a second alternative arrangement of the tube and 

fuel filler neck before welding; 

FIG. 1 6 is a cross-sectional view of a third alternative arrangement of the tube and fuel 
filler neck before welding; 
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FIG. 1 7 is a cross-sectional view of a fourth alternative arrangement of the tube and 
fuel filler neck before welding; 

FIG. 18 is a cross-sectional view of a fifth alternative arrangement of the tube and fuel 
filler neck before welding; and 
5 FIG. 19 is a cross-sectional view of a sixth alternative arrangement of the tube and fuel 

filler neck before welding. 

DETAILED DESCRIPTION 

10 FIG. 1 is a side elevation view of a portion of a fiiel fill system 10 in a motor vehicle 

such as an automobile, truck, boat, airplane, and the like. The fuel fill system 10 includes a 
fuel filler neck 12, which includes an outer flinnel 14, and one or more components 18 attached 
to the outer funnel 14 by joints 1 6 that allow fuel or fuel vapor to be communicated between 
the outer funnel and the components 18. The one or more components 18 may include a flange 

15 20, a tube 22, and a vapor recirculation fitting 24. The outer funnel 14 and the components 18 
are formed from a thermoplastic material, and the joint 16 between each of the components 18 
and the outer funnel 14 is formed by welding the component 18 to the outer funnel 14. As will 
be described in further detail hereinafter, the weld may be formed by spin welding, hot plate 
welding, laser welding, vibration welding, or ultrasonic welding. Advantageously, the plastic 

20 to plastic weld formed between the one or more components 1 8 and the outer funnel 14 
provides a permanent, seamless, and vapor permeation resistant joint 16. It has also been 
surprisingly found that the welded joint 16 may be electrically conductive. 

The flange 20 includes a shoulder 26 extending around the perimeter of a hollow, 
generally cylindrical structure 28. The shoulder 26 abuts against a portion of a body 30 of the 

25 motor vehicle for supporting the fuel filler neck against the body 30. The flange 20 may be 
secured to the body 30 by fasteners 32 disposed through the shoulder 26. 

A removable cap 36 (e.g., a gas cap) is secured to the fuel filler neck 12 so that the fuel 
fill system 10 may be sealed. A collar 34 may be disposed around a distal end of the 
cylindrical structure 28 to resiliently seal the fuel filler neck 12 to the body 30 of the vehicle. 

30 FIG. 2 shows a front view of the removable cap 36 and collar 34 as they may appear from the 
outside of the vehicle. The view of FIG. 2 also shows a fuel door 38 secured by hinges to the 
body 30 of the motor vehicle, as is typically found in motor vehicles for covering the 
removable cap 36. 
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Referring again to FIG. 1, the vapor recirculation fitting 24 is coupled to a vapor 
recirculation tube 40, which has a smaller diameter than the tube 22. Both the tube 22 and the 
vapor recirculation tube 40 are connected in fluid communication between the fuel filler neck 
12 and a fuel storage tank in the motor vehicle. The tube 22 and the vapor recirculation tube 
5 40 may be secured to the body 30 of the motor vehicle by one or more mounting brackets 42. 

The outer funnel 14 may include one or more alignment features 44 disposed thereon. 
The alignment features 44 on the flannel cooperate with corresponding alignment features 46 
on the components 18 to ensure that the components 18 are properly aligned with the outer 
funnel 14 during the welding process. 

10 The outer funnel 14, flange 20, tube 22 and vapor recirculation fitting 24 are preferably 

made from a vapor permeation resistant thermoplastic, such as acetals, nylon, fluoropolymers 
and the like. The tube 22 may be formed from composites or multiple layers of thermoplastic 
materials, such as, for example, a fluoropolymer tube with a nylon cover. The tube 22 may 
also include a metallic barrier layer disposed between an inner thermoplastic layer and an outer 

15 thermoplastic layer, as described in commonly owned U.S. Patent Application XX/XXX,XXX 
to Mobley et al. [Attorney Docket No. 02-12], filed concurrently herewith and entitled "Gas 
Impermeable Tube Joint and Method of Forming Same", which is incorporated by reference 
herein in its entirety. The use of a tube 22 having a metallic barrier layer would allow the tube 
22 and the joint between the tube 22 and the fuel filler neck 12 to be substantially gas 

20 impermeable. 

In addition, any of the tube 22, the flange 20, the outer funnel 14, and the vapor 
recirculation fitting 24 may be made from an electrically conductive thermoplastic material 
such as, for example, carbon fibril filled nylon 12, or other formulations made from acetal, 
nylon, flouropolymer and the like with conductive additives such as carbon black, nickel 

25 coated graphite, milled carbon fiber and the like. It has been surprisingly found that, where the 
components 18 and the outer funnel 12 are made from an electrically conductive thermoplastic 
material, the welded joint 16 formed between the components 18 and the outer funnel 12 are 
also electrically conductive. As a result, the components 18 and outer funnel 12 of the fuel fill 
system 10 may be commonly grounded to dissipate any static electricity generated during the 

30 fuel filling process. 

In operation, the fuelling process typically includes removing the cap 36 and inserting a 
nozzle from an external fuel source (e.g., a fuel pump) into the fuel filler neck 12. Fuel is then 
pumped through the fuel filler neck 12 and tube 22 to the fiiel storage tank. The vapor 
recirculation tube 40 provides a path for receiving the air/fuel vapor displaced from the fuel 

5 
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storage tank during fueling, and reintroduces the displaced air/fuel vapor to the fuel filler neck 
12 via the vapor recirculation fitting 24. After the fuelling process is complete, the nozzle is 
removed from the fuel filler neck 12 and the cap 36 is replaced. 

Referring to FIG. 3, a partial cross-sectional view of the outer funnel 14, flange 20, 

5 tube 22, and vapor recirculation fitting 24 is shown, revealing the welded joints 16 formed 
between the outer funnel 14 and these various components 18. The flange 20 includes an 
annular recess 50 disposed therein, which receives an end of the outer funnel 14. The welded 
joint 16 between the outer funnel 14 and the flange 20 is formed within the annular recess 50. 
Disposed on an inner surface of the cylindrical structure 28 of the flange 20 are threads 52, 

10 which accept mating threads on the cap 36 (FIG. 1) for securing the cap 36 to the fuel filler 
neck 12. 

Disposed within the outer funnel 14, and forming part of the fuel filler neck 12, is an 
inner funnel 54. The inner funnel 54 includes a generally cylindrical portion 56, the outer 
surface of which is shaped to conform to an inner surface 58 of the outer funnel 14. Extending 

15 from the generally cylindrical portion 56 is a generally conical portion 60, which terminates at 
an aperture 62. The aperture 62 is sized to receive the nozzle from the external fuel source. 
The inner funnel 54 fits snugly within the outer funnel 14, but is preferably not fastened or 
welded thereto. Instead, an end surface of the generally cylindrical portion 56 abuts against a 
shoulder 64 formed on the flange 20, and, because the flange 20 is welded to the outer funnel 

20 14, the shoulder 64 secures the inner funnel 54 within the outer funnel 14. A protrusion 66 
extending from the outer funnel 14 is received within a corresponding recess 68 formed in the 
inner funnel 54 to prevent axial rotation of the inner funnel 54 within the outer funnel 14. 
Other means for preventing axial rotation of the inner funnel 54 within the outer funnel 14 may 
also be employed. For example, the outer funnel 14, inner funnel 54, and/or the flange 20 may 

25 include cooperating protrusions and recesses, or the inner surface 58 of the outer funnel 14 and 
the generally cylindrical portion 56 of the inner funnel 54 may have a shape other than 
generally cylindrical (e.g., angular shaped, oval shaped, and the like). 

In the embodiment of FIG. 3, the outer funnel 14 includes an annular recess 70 
disposed therein, which receives an end of the tube 22. The welded joint 16 between the outer 

30 funnel 14 and the tube 22 is formed within the annular recess 70. 

Referring to FIG. 4, a cross-sectional view of the vapor recirculation fitting 24 is 
shown. In this embodiment, the vapor recirculation fitting 24 includes an upper body portion 
80, which is shaped to receive the vapor recirculation tube 40 (FIG. 1), and a lower body 
portion 82, which shaped for welding to the outer funnel 14 (FIG. 1). The upper body portion 
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80 of the vapor recirculation fitting 24 includes a hollow cylindrical projection 88 having barbs 
90 formed thereon. The vapor recirculation tube 40 (FIG. 1) is joined to the vapor 
recirculation fitting 24 by sliding the tube 40 over the projection 88 and barbs 90. A 
mechanical fastener (e.g., a hose clamp) may also be used to seal the tube 40 to the vapor 
5 recirculation fitting 24. 

Disposed between the upper and lower body portions 80 and 82 is a valve disc 84, 
which interacts with a seating surface 86 disposed on the upper body portion 80 to allow the 
flow of vapor from the fuel storage tank to the fuel filler neck 1 2, as shown in FIG. 1 , while 
checking the flow of fuel from the fuel filler neck 12 to the fuel storage tank via the vapor 

10 recirculation tube 40. While the vapor recirculation fitting 24 is shown here to include a check 
valve, the vapor recirculation fitting 24 may be any fitting that couples the vapor recirculation 
tube 40 to the fuel filler neck 12. 

The lower body portion 82 of the vapor recirculation fitting 24 is shaped to allow the 
plastic to plastic welding of the vapor recirculation fitting 24 to the outer funnel 14 (FIG. 1). 

15 The lower body portion 82 includes a planar face 92 and a hollow protrusion 94 extending 
perpendicularly from the face 92. Disposed around the protrusion 94 is a shoulder 96 having a 
surface 98 generally parallel to and spaced apart from the face 92. The protrusion 94 is tapered 
to provide an angular surface 100 that intersects with the surface 98 of the shoulder 96. The 
dimensions are sized relative to the circular apeture 102(FIG. 5) in outer funnel 14 to allow 

20 sufficient interference to produce a permeation free joint. 

Referring to FIG. 5, the vapor recirculation fitting 24 is shown removed from the outer 
funnel 14, before welding. The outer funnel 14 includes a circular aperture 102 disposed 
therein for receiving a distal end of the protrusion 94. Referring to FIGs. 4 and 5, insertion of 
the protrusion 94 into the aperture 102 causes the angled surface 100 to come into contact with 

25 the edge of the aperture 102 to provide an interference fit. The welded joint 16 (FIG. 1) is 
formed between the outer funnel 14 and both the angled surface 100 and the shoulder surface 
98 of the vapor recirculation fitting 24 using either a frictional method or an external heat 
source method, which are described hereinafter with reference to FIGs. 12 and 13. 

FIGs. 6-8 depict portions of the tube 22 and outer funnel 14 in various stages of the 

30 welding process. FIG. 6 depicts a partial cross-sectional view of the welded joint 1 6 between 
the tube 22 and the outer funnel 14. As previously noted, the complete welded joint 16 
between the the tube 22 and outer funnel 14 is formed within the annular recess 70. FIGs. 7 
and 8 depict the tube 22 and outer funnel 14 before welding, with FIG. 7 showing the tube 22 
and outer funnel 14 separated, and FIG. 8 showing the tube 22 and outer ftinnel 14 forced 
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together. While FIGs. 6-8 depict the annular recess 70 as being disposed in the outer funnel 14 
for receiving the end of the tube 22, it is within the scope of the invention that the tube 22 may 
be shaped to include an annular recess for receiving an end of the funnel 14. 

The annular recess 70 is formed between an inner protrusion 104 and outer protrusion 
5 106, which extend outward from the outer funnel 14. More specifically, the annular recess is 
formed between an outer surface 108 of the inner protrusion, and an inner surface 1 10 of the 
outer protrusion 106. The annular recess 70 is dimensioned to receive a portion of the end of 
the tube 22, as shown in FIG. 8. The inner and outer surfaces 110, 108 are angled relative to 
each other such that the end of the tube 22 forms an interference fit within the recess 70 when 

10 forced therein. A relief cut 1 12 may be provided at the inlet end of the annular recess 70 to 
ease insertion of the end of the tube 22 into the recess 70. The welded joint 16 is formed 
between the inner and outer surfaces 1 10, 108 and side surfaces of the tube 22 using either a 
factional method or an external heat source method, which are described hereinafter with 
reference to FIGs. 12 and 13. 

15 FIG. 9 is a cross-sectional view of the end of the tube 22 separated from the outer 

funnel 14 showing various dimensions of the tube 22 and the outer funnel 14. The outside 
diameter (O.D.) and inside diameter (I.D.) of the tube 22 are selected based on the particular 
application. The recess 70 has a depth "d". The depth "d" of the recess 70 may be used to 
control the length of the tube 22 that is welded to the outer funnel. As a result, the depth "d" of 

20 the recess may be used to control the strength of the joint 16 (FIG. 1) as necessary to meet 
system requirements. The width "w" of the recess 70, as well as the outside diameter of the 
inner protrusion 104 and the inside diameter of the outer protrusion 106, may be selected in 
relation to the dimensions of the tube 22 to determine which of the surfaces on the tube and the 
inner and/or outer protrusion 104, 106 will form the welded joint 16. In a preferred 

25 embodiment, these various dimensions are selected such that the inner surface of the tube 22 
contacts the outer surface 108 of the inner protrusion 104, and the outer surface of the tube 22 
contacts the inner surface 1 10 of the outer protrusion 106, as shown in FIG. 8. As a result, 
both the inner and outer surfaces of the tube 22 will form the weld with the outer funnel 14. 
In one example of the preferred embodiment, the depth "d" of the recess 70 may be 

30 about two to about three times the total thickness "T" of the tube 22, with the width "w" of the 
recess 70 being about 0.01 inch to about 0.02 inches less than the total thickness "T". 
Preferably, the surfaces 108 and 1 10 are angled relative to each other to provide an included 
angle of about 1° to about 3°. Where the surfaces 108 and 1 10 are angled, the width "w" 
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represents the minimum width of the recess 70. The total thickness "T" of the tube 22 may be 
between about 0.05 inches to about 0.08 inches and the I.D. of the tube may be about 1 inch. 

FIG. 10 depicts an embodiment where the weld is formed only between the outer 
surface of the tube 22 and the inner surface 108 of the outer protrusion 106. In this 
5 embodiment, the inner protrusion 104 provides internal support to the tube 22, but is not 
welded to the tube 22. It is contemplated that the outer funnel 14 may be formed without the 
inner protrusion 104, such that the recess 70 is formed only by the inner surface 108. 

FIG. 1 1 depicts an embodiment where the weld is formed only between the inner 
surface of the tube 22 and the outer surface 1 10 of the inner protrusion 104. In this 
10 embodiment, the outer protrusion 106 provides external support to the tube 22, but is not 
welded to the tube 22. It is contemplated that the outer funnel 14 may be formed without the 
outer protrusion 106. 

The annular recess 50 (FIG. 1) formed in the flange 20, and the welded joint 16 formed 
therein, is substantially similar to the welded joint 16 formed between the tube 22 and the outer 

1 5 funnel 14. As a result, any of the embodiments discussed with reference to the joint 1 6 

between the tube 22 and the outer funnel 14 are equally applicable to the joint 16 between the 
flange 20 and the outer funnel 14. 

FIG. 12 is a flow chart depicting a method 120 of forming each joint 16 between the 
various components 18 (e.g., the flange 20, the vapor recirculation fitting 24, and the tube 22) 

20 and the outer funnel 14. Referring to FIGs. 1-12, the method 120 can be described. With the 
component 18 separated from the outer funnel 14 (e.g., as shown in FIGs. 5 and 7) the 
component 1 8 is secured in a fixture with the end of the component 1 8 facing the component 
16 (block 122 of method 120). If the component 18 to be installed is the flange 20, the inner 
funnel 54 is inserted into the outer funnel 14 before welding. Next, the component 18 is forced 

25 onto the outer funnel 14 such that the one or more plastic surfaces on the component come into 
contact with the plastic surface of the outer funnel 14 (block 124). The plastic surface(s) of the 
component 18 are then moved relative to the plastic surface of the outer funnel 1 4 to create 
frictional heat (block 126). The relative motion may be created by spinning, vibration, 
ultrasound, or any other convenient method that results in melting of the plastic surfaces. 

30 During this step, the inner funnel 54 is held stationary within the outer funnel 1 4 by the 
protrusion 66 or other such means. After the plastic surfaces have melted, the alignment 
features 44 and 46 on the component 18 and the outer funnel 14 are aligned, and relative 
motion is stopped. The component 18 and outer funnel 14 are then held stationary to allow the 
melted plastics to bond and form the welded joint 18 (block 128), after which the fixture may 
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be removed (block 130). This process is repeated for each component 18 to be attached to the 
outer funnel 14. 

The method 120 requires that the melting temperature of the material used to form the 
weld surface(s) of the component 18 is sufficiently close to the melting temperature of the 
5 material used to form the weld surface of the outer funnel 14 so that all of the materials 
forming the weld are melted by the friction welding process. Preferably, the melting 
temperatures the materials are within ± 20 °F of each other, and more preferably, the same 
material is used on both the component 18 and the outer funnel 14 so that the melting 
temperatures are the same. 

10 Using method 120, several sample fuel filler necks 12 were assembled in accordance 

with the embodiment of FIGs. 1-9. In these samples, the outer funnel 14, flange 20, vapor 
recirculation fitting 24, and tube 22 were formed from nylon 12 or polyethylene, and spin 
welding was used to form the welded joints 16. The spin welding process was performed by 
spinning each component 18 at about 1000 to 1500 rotations per minute (RPM) while applying 

15 about 30 to 35 psi pressure on the component 1 8 for about 1 5 to 25 revolutions. Visual 
inspection and pressure testing of each welded joint 16 showed the welded joints to be 
seamless and resistant to the permeation of gas. Electrical resistance testing of each welded 
joint 16 showed the welded joints 16 to be electrically conductive. 

FIG. 13 is a flow chart depicting an alternative method 132 of forming the welded 

20 joints 1 6 between the various components 18 (e.g., the flange 20, the vapor recirculation fitting 
24, and the tube 22) and the outer funnel 14. Unlike the method 120 of FIG. 12, which uses 
friction to generate the heat required for welding, the method 132 of FIG. 13 uses an external 
source of heat (e.g., a hot plate, laser or the like) to melt the plastic surfaces to be welded. As a 
result, the method 132 of FIG. 13 may be used where the plastic material used in the 

25 component 1 8 has a substantially different melting temperature than the plastic material used 
in the outer funnel 14. In method 132, the external source of heat is first applied to melt the 
plastic surfaces to be welded (block 134 of method 132). If the component to be installed is 
the flange20, the inner funnel 54 is preferably inserted into the outer funnel 14 before heating 
the surfaces. After the plastic surfaces on the component 1 8 and outer funnel 14 are melted, 

30 the external source of heat is then removed (block 136) and the melted surfaces are forced 

against each other (block 138). With the alignment features 44 and 46 aligned, the component 
18 and the outer funnel 14 are held stationary within a fixture to allow the melted plastics to 
bond and form the welded joint 16 (block 140), after which the tube 22 and component 18 are 
removed from the fixture (block 142). 
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FIGs. 14-19 depict various alternative arrangements for the joints 16 between the 
various components 18 and the outer funnel 14. Each of FIGs. 14-19 depict the component 18 
and outer flannel 14 before welding, when the component 18 is forced against the outer funnel 
14. For purposes of description, the various alternative arrangements in FIGs. 14-19 are 
5 described with reference to the tube 22 and the outer funnel 14. It is contemplated that these 
alternative arrangements may also be used for forming the joints 16 between the other 
components 1 8 and the outer funnel 14. These arrangements have been found to be especially 
well suited for use where the joints 16 are formed by spin welding. 

In each of FIGs. 14-16, the weld is formed on the inner and outer surfaces of the tube 

10 22. Unlike the straight-walled tube 22 used in the embodiment described with reference to 

FIGs. 6-11, the end of the tube 22 used in the arrangements of FIGs. 14-16 is shaped to have an 
included angle "F" between the inner surface "C" and the outer surface "D" of the tube 22. 
The included angle "F" is preferably between about 20° to about 40°, and more preferably 
between about 25° to 30°. The arrangements of FIGs. 14-16 are also shown to include various 

15 shoulders 1 50 disposed on the tube 22. 

In FIGs. 14-16, the total thickness of the tube 22 is indicated at "T". Preferably, the 
surface area of the tube 22 contacting the inner and outer protrusions (C + D) is equal to about 
1.5xT to about 3.5xT, and more preferably between about IxT to 2xT. The depth of the weld, 
as indicated at "A", is preferably between about 0.3 xT to about l.OxT, and more preferably 

20 between about 0.5xT to about 0.8xT. As discussed above, the welded surface may be 

increased or decreased depending on the required strength of the weld, among other variables. 

Each of the arrangements in FIGs. 15-17 include a shoulder 150 protruding radially 
outward around the outer surface of the tube 22. With the tube 22 and outer funnel 14 forced 
together prior to welding, the shoulder 150 is preferably separated from the outer protrusion 

25 106 by a distance "E", which is preferably equal to the depth of the weld "A" plus about 0.01 
inch. The shoulder 150 prevents the tube 22 from extending within the outer flange 14 
substantially beyond the depth of the weld, "A". 

The shoulder 1 50 may be of various shapes. For example, the shoulder 1 50 and the 
outer protrusion 106 may include opposing recesses 152 formed therein, as shown in FIGs. 14 

30 and 15, for receiving excess material (flash) formed during the weld. FIG. 16 depicts an 

arrangement where the outer protrusion 106 includes a lip 154 extending outside the opposing 
shoulder 150 for aiding in the alignment of the tube 22 and outer flange 14. As shown in FIGs. 
14-16, the shoulder 150 and outer protrusion 106 may be supported by ribs 158. 

11 
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FIGs. 1 7-1 9 depict arrangements where the weld is formed along only one of the inner 
and outer surfaces of a straight-walled tube 22. While FIGs. 17-19 depict the weld as being 
formed on the outer surface of the tube 22, it will be appreciated that the weld may 
alternatively be formed on the inner surface. FIG. 17 depicts an arrangement where the outer 

5 surface of the tube 22 is configured with a first shoulder 160 recessed from a distal end of the 
tube 22 by a distance equal to the thickness "T" of the tube 22. The distal end of the tube 22 is 
preferably separated from the end of the recess 70 by a distance equal to the thickness "T" of 
the tube 22, and is preferably offset from the outer protrusion 106 by an offset distance "G" of 
about 0.002 inches. The distal end of the tube 22 aids in the alignment of the tube 22 and outer 

10 fiinnel 14 during the welding process. The depth of the weld, as indicated at "B", is the 

distance between the first shoulder 160 and a shoulder 150 formed on the outer surface of the 
tube 22. The depth of the weld "B" may be between about 1 xT to about 2xT, and more 
preferably about 1 .5T, and may be increased or decreased depending on the required strength 
of the weld. The interference between the tube 22 and the outer fiinnel 14, indicated at "i", 

15 may be between about 0.005 inches to about 0.025 inches, and preferably between about 0.01 
inches to about 0.02 inches. The shoulder 1 50 and outer protrusion 106 may be supported by 
ribs 158. 

FIG. 18 depicts an arrangement where the outer protrusion 106 is configured with a 
first shoulder 162 disposed at a distance from the bottom surface of the recess 70 to establish 

20 the depth of the weld "B". The depth of the weld "B" may be between about 1 xT to about 
2xT, and more preferably about 1 .5T, and may be increased or decreased depending on the 
required strength of the weld. The first shoulder 162 is preferably offset from a distal end of 
the outer protrusion 106 by a distance equal to the thickness "T" of the tube 22, thus allowing 
the outer protrusion 106 to aid in the alignment of the tube 22 and outer fiinnel 14 during the 

25 welding process. The interference between the tube 22 and the outer funnel 14, indicated at 
"i", may be between about 0.005 inches to about 0.025 inches, and preferably between about 
0.01 inches to about 0.02 inches. The inner protrusion 104 is offset from the inner surface of 
the tube 22. 

FIG. 19 depicts an arrangement wherein the inner surface 1 10 of the outer protrusion 
30 106 is angled by about 20 degrees relative to the outer surface of the tube 22. The angled inner 
surface 1 10 of the outer protrusion 106 has a height that establishes the depth of the weld "B". 
The depth of the weld "B" may be between about 1 xT to about 2xT, and more preferably about 
1.5xT, and may be increased or decreased depending on the required strength of the weld. The 
angled inner surface 1 10 is preferably offset from the distal end of the outer protrusion 106 by 
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a distance "L", which may be between about 0.020 inches to about 0.040 inches, thus allowing 
the distal end of the outer protrusion 106 to aid in the alignment of the tube 22 and outer funnel 
14 during the welding process. 

The fuel fill system 10 of the present invention includes a fuel filler neck 12 wherein 

5 the joints 16 between the outer funnel 14 and the one or more components 18 are formed by a 
plastic to plastic weld. Advantageously, the plastic to plastic weld provides a permanent, 
seamless, and vapor permeation resistant joint. As a result, the present invention reduces the 
escape of fuel vapor from the fuel fill system to levels below that previously possible with fuel 
fill systems of the prior art, which use press-fit arrangements and mechanical fasteners (e.g., 

10 hose clamps) to form the joints between the various components and the outer funnel. In 
addition, it has been surprisingly found that the welded joints of the present invention can be 
made electrically conductive, thus allowing the system to be commonly grounded for 
dissipating any static electricity generated during the fueling process. 

A number of embodiments of the present invention have been described. Nevertheless, 

15 it will be understood that various modifications may be made without departing from the spirit 
and scope of the invention. Accordingly, other embodiments are within the scope of the 
following claims. 
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